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Mouse epidermal melanoblasts preferentially prolifer-
ated from disaggregated epidermal cell suspensions
derived from newborn mouse skin in serum-free
melanoblast-de®ned medium (MDM). After 14 d,
almost all keratinocytes that existed predominantly
in the early stage of primary culture died, and pure
cultures of melanoblasts were obtained. Epidermal
melanoblasts dramatically increased in number in
MDMDF consisting of MDM supplemented with
dibutyryl adenosine 3¢:5¢-cyclic monophosphate
(DBcAMP) and basic ®broblast growth factor
(bFGF). Epidermal melanocytes increased in number
in MDMD consisting of MDM supplemented with
DBcAMP. On the other hand, epidermal melano-
cytes were induced to differentiate in MDMM con-
sisting of MDM supplemented with a-melanocyte-
stimulating hormone (MSH). Pure cultured primary
melanoblasts or melanocytes in MDMDF or MDMD
were further cultured with MDMDF or MDMD sup-
plemented with endothelin (ET)-1, -2, or -3 from
14 d. A dramatic increase in the number of melano-
blasts or melanocytes was observed after 7 d; how-
ever, no increase in the number of melanoblasts or
melanocytes was observed in the absence of ET-1,
-2, or -3. The increase in the number of melano-
blasts or melanocytes was comparable with that of
melanoblasts or melanocytes cocultured with sec-
ondary keratinocytes in MDMDF or MDMD. Also,
pure cultured primary melanoblasts in MDM were
further cultured with MDMM supplemented with
ET-1, -2, or -3 from 14 d. A dramatic increase in the
percentage of melanocytes in the melanoblast-mela-
nocyte population was observed after 7 d; however,
no increase in the percentage of melanocytes was
observed in the absence of ET-1, -2, or -3. The
increase was comparable with that of melanocytes
cocultured with secondary keratinocytes in MDMM.
Moreover, anti-ET-1, -2, and -3 antibodies inhibited
both the proliferation of melanoblasts or melano-
cytes in MDMDF or MDMD and the differentiation
of melanocytes in MDMM in primary culture. These
results suggest that ET-1, -2, and -3 are one member
of the keratinocyte-derived factors that are involved
in regulating the proliferation and differentiation of
mouse epidermal melanocytes in primary culture.
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M
ouse epidermal melanocytes are known to
differentiate around the time of birth from
undifferentiated precursors, melanoblasts
(Hirobe, 1984) originated from neural crest cells
(Rawles, 1947; Mayer, 1973). They increase in
number until 3 or 4 d after birth and then their numbers decrease
(Quevedo et al, 1966; Takeuchi, 1968; Weiss and Zelickson, 1975;
Hirobe, 1984). Of various strains of mice, C57BL/10JHir (B10)
possesses the greatest number of epidermal melanoblasts and
melanocytes (Hirobe, 1987). B10 mouse is thought to be useful
for the study on the regulation of the proliferation and
differentiation of neonatal mouse epidermal melanocytes, especially
in vitro study. A serum-free culture system to optimize and maintain
melanoblasts and melanocytes from epidermal cell suspensions of
newborn B10 mice was developed in this laboratory. Mouse
epidermal melanoblasts preferentially proliferate in a melanoblast-
de®ned medium (MDM), consisting of Ham's F-10 medium
supplemented with insulin (Ins), bovine serum albumin (BSA),
ethanolamine (EA), phosphoethanolamine (PEA), and sodium
selenite (SE). After 14 d, almost all keratinocytes that exist
predominantly in the early stage die, and pure cultures of
melanoblasts are obtained (Hirobe, 1992b). Epidermal melanoblasts
dramatically increase in number in MDMDF consisting of MDM
supplemented with 0.5 mM dibutyryl adenosine 3¢:5¢-cyclic
monophosphate (DBcAMP) and 2.5 ng per ml basic ®broblast
growth factor (bFGF) (Hirobe, 1992a). On the other hand,
epidermal melanocytes are induced to differentiate in MDMM
consisting of MDM supplemented with 100 nM a-melanocyte-
stimulating hormone (MSH) (Hirobe, 1992b). MDMD consisting
of MDM supplemented with 0.5 mM DBcAMP induces the
proliferation of melanocytes in addition to the differentiation of
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melanocytes (Hirobe, 1992b). By using these culture media, it has
been shown that keratiocytes present in the early stage of primary
culture are important for the regulation of the proliferation and
differentiation of mouse epidermal melanocytes (Hirobe, 1994);
however, molecular natures of the keratinocyte-derived factors are
not well de®ned. In the human skin, endothelin (ET)-1 is shown to
be synthesized in keratinocytes (Imokawa et al, 1992; Yohn et al,
1993) and mitogenic for cultured epidermal melanocytes in the
presence of cAMP elevator (Yada et al, 1991; Swope et al, 1995).
ET-2 and ET-3 are also known to stimulate the proliferation of
human melanocytes in an increased cAMP level (Yada et al, 1991).
Moreover, ET-3 is known to stimulate the proliferation and
differentiation of melanocytes from neural crest explants (Ono et al,
1998). It is not known, however, whether ET-1, -2, and -3 are one
member of the keratinocyte-derived factors involved in regulating
the proliferation and differentiation of mouse epidermal melano-
cytes at the neonatal stage. This study was designed to test this
possibility by using the serum-free primary culture system.
MATERIALS AND METHODS
Mice All animals used in this study belonged to strain B10 of the
house mouse, Mus musculus. They were given water and a commercial
diet, OA-2 (Clea Japan, Tokyo, Japan) ad libitum. They were maintained
at 24 6 1°C with 40%±60% relative humidity: 12 h of ¯uorescent light
were provided daily.
Melanocyte primary culture The sources of tissue for the culture of
melanoblasts/melanocytes were dorsal skin from 0.5-d-old mice. Unless
stated otherwise, all reagents were purchased from Sigma (St. Louis,
MO). The method for obtaining epidermal cell suspensions was reported
previously (Hirobe, 1992a). Disaggregated epidermal cell suspensions
were pelleted by centrifugation and suspended in Ham's F-10 medium
(Gibco, Grand Island, NY). The cell pellet after centrifugation was
resuspended in a MDM [F-10 plus 10 mg Ins (bovine) per ml, 0.5 mg
BSA (Fraction V) per ml, 1 mM EA, 1 mM PEA, 10 nM SE, 100 U
penicillin G (PG) per ml, 100 mg streptomycin sulfate (SS) per ml, 50 mg
gentamycin sulfate (GS) per ml, and 0.25 mg amphotericin B (AB) per
ml], MDMM, MDMD, and MDMDF. The same lots of these
supplements were used in this study. The cells in the epidermal cell
suspension were counted in a hemocytometer chamber and plated onto
type I collagen (Becton Dickinson, Bedford, MA)-coated dishes at an
initial density of 1 3 106 cells per 35 mm dish (1.04 3 105 cells per
cm2) except an experiment performed to obtain the data shown in Fig 5
[0.5 3 106 cells per 35 mm dish (0.52 3 105 cells per cm2)]. Cultures
were incubated at 37°C in a humidi®ed atmosphere composed of 5%
CO2 and 95% air (pH 7.2). Medium was replaced by fresh medium four
times a week. After 14 d, almost pure cultures of melanoblasts or
melanocytes were obtained. Various doses (0.001, 0.01, 0.1, 1, 10, and
100 nM) of ET-1, -2, and -3 (human synthetic) were supplemented to
MDM, MDMM, MDMD, and MDMDF both from initiation of
primary culture and after death of keratinocytes (14 d). Anti-ET-1, -2,
and -3 antibodies (IBL, Maebashi, Japan) as well as rabbit IgG (rIgG,
IBL) for control were added to MDM, MDMM, MDMD, and
MDMDF from initiation of primary culture at different doses of 0.25,
Figure 1. Effects of ET-1 and anti-ET-1
antibody on the proliferation and differentia-
tion of mouse epidermal melanocytes in
serum-free primary culture. Epidermal cell
suspensions derived from mouse skin were
cultured with MDMM (A) or with MDMM plus
ET-1 (10 nM, B). After 14 d, melanocytes
cultured with ET-1 (B) possessed enlarged
cytoplasm and increased pigmentation. Epidermal
cell suspensions were cultured with MDMD (C)
or with MDMD plus ET-1 (10 nM, D). After
14 d, pure cultures of melanocytes that were
polygonal or epithelioid in morphology were
obtained. ET-1 (D) increased the number of
melanocytes. Moreover, melanocytes cultured
with ET-1 possessed enlarged cytoplasm and
increased pigmentation (D). Epidermal cell
suspensions were also cultured with MDMDF plus
rIgG (250 ng per ml; control, E) or with
MDMDF plus anti-ET-1 antibody (250 ng per
ml, F). After 14 d, pure cultures of melanoblasts
and melanocytes were obtained. Anti-ET-1
antibody dramatically decreased the number of
melanoblasts (F). Phase-contrast microscopy. Scale
bar: 100 mm.
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2.5, 25, and 250 ng per ml, and tested for their effects on the
proliferation and differentiation of melanocytes.
Primary culture of keratinocytes Epidermal cell suspensions were
similarly obtained from mice of 5.5±7.5 d of age. The cell pellet after
centrifugation was suspended in a Ca2+-free Eagle's minimum essential
medium (MEM; Gibco) and centrifuged at 800 3 g for 5 min. The cell
pellet was resuspended in a keratinocyte-de®ned medium (KDM)
consisting of Ca2+-free MEM supplemented with MEM-nonessential
amino acid solution (Gibco), 10 mg Ins per ml, 0.5 mg BSA per ml,
1 mM EA, 1 mM PEA, 10 nM SE, 10 ng epidermal growth factor
(human recombinant, Becton Dickinson) per ml, 1 mM hyrocortisone,
1 mM dexamethasone, 0.03 mM CaCl2, 100 U PG per ml, 100 mg SS
per ml, 50 mg GS per ml, and 0.25 mg AB per ml. The cells in the
epidermal cell suspension were plated onto type I collagen-coated dishes.
Initial density was 2 3 106 cells per 35 mm dish (2.08 3 105 cells per
cm2). After 1±3 d, pure keratinocytes were obtained.
Coculture of melanoblasts/melanocytes and keratino-
cytes Primary keratinocytes cultured in KDM for 1 d were treated
with a solution of 0.05% trypsin (Gibco) and 0.02% ethylene-
diaminetetraacetate (EDTA) in CMF-PBS at 37°C for 10 min. After
trypsinization was inhibited by addition of 2000 U soybean trypsin
inhibitor per ml, the cell suspensions were centrifuged at 800 3 g for
5 min. After this centrifugation, the cell pellet was resuspended in
MDM, MDMM, MDMD, and MDMDF at a density of 2 3 105 cells
per 35 mm dish (2.08 3 104 cells per cm2) and seeded into primary
melanoblasts or melanocytes that were cultured in MDM/MDMDF or
MDMD for 14 d, and cultured for a further 14 d.
Assay of melanocyte proliferation and differentiation The
number of melanoblasts and melanocytes was determined per dish by
phase-contrast and bright-®eld microscopy, and the calculation was based
on the average number of cells from 10 randomly chosen microscopic
®elds covering an area of 0.581 mm2. Bipolar, tripolar, dendritic,
polygonal, or epithelioid cells, as seen by phase-contrast, which
contained brown or black pigment granules, as observed by bright-®eld
microscopy, were scored melanocytes. These cells were con®rmed as
melanocytes by DOPA cytochemistry (Hirobe, 1992a). In contrast,
bipolar, tripolar, dendritic, or polygonal cells, as seen by phase-contrast,
which contained no pigments, as observed by bright-®eld microscopy,
were scored melanoblasts. The ``melanoblast'' is de®ned here as a
nonpigmented cell that possesses no tyrosinase activity. Some of the
melanoblasts cultured in MDM were stained by combined DOPA-
premelanin reaction (combined DOPA-ammoniacal silver nitrate
staining; Mishima, 1960; Hirobe, 1992b). In contrast, almost all of the
melanoblasts cultured in MDMDF were stained by the combined
DOPA-premelanin reaction (Hirobe, 1992a). This preferential staining
reveals undifferentiated, nonpigmented melanoblasts that contain stage I
and II melanosomes in addition to tyrosinase-containing differentiated
melanocytes (Mishima, 1964; Hirobe, 1982).
The statistical signi®cance of the differences in the number of
melanoblasts and melanocytes or in the percentage of melanocytes in the
melanoblast-melanocyte population was determined by Student's t test
for comparisons of groups of equal size.
RESULTS
Effects of ET on the proliferation and differentiation of
melanocytes in primary culture Within 1±2 d of initiation
of culture with MDM, undifferentiated melanoblasts that are
bipolar, tripolar, or dendritic in morphology were in contact with
adjacent keratinocyte colonies via a dendrite. After 3 d, the
keratinocyte colonies increased in size and the melanoblasts
gradually increased in number. After 8 d, the keratinocyte
colonies were decreased, and by 14 d, the cultures contained
Figure 2. Effects of ET on the proliferation of melanocytes in
MDMD. Epidermal cell suspensions were cultured with MDMD
(Control, s) or MDMD plus 10 nM ET-1 (d), -2 (n), or -3 (m) for
14 d. The number of melanoblasts and melanocytes cultured with ET
exceeded that of the control. The differences at 7 and 14 d are
statistically signi®cant (p < 0.05). There was no difference between
ET-1, -2, and -3. The epidermal cell suspensions of the four different
groups were derived from the same litter of mice. The data are the
averages of results from triplicate experiments. Each experiment was
performed with different litters of mice. Bars indicate standard errors of
the mean (SEM) and are shown only when they were larger than
symbols.
Figure 3. Effects of ET and keratinocytes on the differentiation of
melanocytes in MDMM. Epidermal cell suspensions were cultured
with MDM for 14 d. Pure cultured melanoblasts were obtained. They
were further cultured with MDMM (Control, s) or MDMM plus ET-1
(d), -2 (n), -3 (m), or keratinocytes (K, h) from 14 d (arrow). The
percentage of melanocytes in the melanoblast-melanocyte population
cultured with ET and K exceeded that of the control. The differences at
21 and 28 d are statistically signi®cant (p < 0.05). There was no
difference between ET-1, -2, -3, and K. The epidermal cell suspensions
of the ®ve different groups were derived from the same litter of mice.
The data are the averages of results from triplicate experiments. Each
experiment was performed with different litters of mice. Bars indicate
SEM and are shown only when they were larger than symbols.
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mostly melanoblasts. When the epidermal cell suspensions were
cultured with MDM supplemented with ET-1, -2, and -3, a similar
tendency of keratinocyte proliferation as well as melanoblast
proliferation was observed, except that most of the melanoblasts
cultured with ET possessed long dendrites. There was no difference
between ET-1, -2, and -3.
Within 3±4 d of initiation of culture with MDMM, pigment-
producing differentiated melanocytes appeared around keratinocyte
colonies and almost all cells differentiated around 7±9 d. After 14 d,
almost all keratinocytes died and pure cultures of differentiated
melanocytes were obtained, but no stimulation of melanocyte
proliferation was observed. When the epidermal cell suspensions
were cultured with MDMM supplemented with ET, a similar
tendency of keratinocyte proliferation as well as melanocyte
proliferation and differentiation was observed; however, melano-
cytes cultured with ET possessed increased dendricity, enlarged
cytoplasm (Fig 1A, B), and increased pigmentation (Fig 1A, B).
There was no difference between ET-1, -2, and -3.
Within 3±4 d of initiation of culture with MDMD, pigment-
producing differentiated melanocytes appeared around keratinocyte
colonies and rapidly increased in number, and almost all cells
differentiated around 7±9 d. After 14 d, almost all keratinocytes
died and pure cultures of many differentiated melanocytes were
obtained. When the epidermal cell suspensions were cultured with
MDMD supplemented with ET, a similar tendency of keratinocyte
proliferation and melanocyte differentiation was observed; how-
ever, the number of melanocytes dramatically increased in a
concentration-dependent manner. Numerous mitotic melanocytes
were frequently observed. Maximal effect was observed at a dose of
10 nM. The number of melanocytes cultured with 10 nM ET at 7
and 14 d greatly exceeded the control (Fig 2). The differences
were statistically signi®cant (p < 0.05). Moreover, melanocytes
cultured with ET possessed increased dendricity, enlarged cyto-
plasm (Fig 1C, D), and increased pigmentation (Fig 1C, D).
There was no difference between ET-1, -2, and -3.
Undifferentiated melanoblasts were observed around keratino-
cyte colonies within 1 d of initiation of culture with MDMDF, and
dramatically increased after 3±4 d. After 14 d, almost all keratino-
cytes died, and pure cultures of numerous melanoblasts (~90%) and
melanocytes (~10%) were obtained. When the epidermal cell
suspensions were cultured with MDMDF supplemented with ET, a
similar tendency of keratinocyte proliferation and melanoblast
proliferation was observed, except that most of the melanoblasts
cultured with ET possessed long dendrites (number of melanoblasts
and melanocytes in control and experiments: 7 d, 17±20 3 104;
14 d, 72±80 3 104; percentage of melanocytes in the melanoblast-
melanocyte population in control and experiments: 7 d, 6%±8%;
14 d, 6%±9%). There was no difference between ET-1, -2, and -3.
Effects of ET on the proliferation and differentiation of
melanocytes with or without keratinocytes ET
supplemented to MDM from 14 d in primary culture brought
about no further increase in the number of melanoblasts; however,
melanoblasts cocultured with keratinocytes slowly proliferated
around keratinocyte colonies. Keratinocytes gradually decreased
in number and disappeared by 28 d (14 d after coculture). The
differences in the number of melanoblasts at 21 and 28 d between
control and experiments were statistically signi®cant (p < 0.05;
21 d, 1.8-fold increase; 28 d, 2.2-fold increase).
Figure 4. Effects of ET and keratinocytes on the proliferation of
melanocytes in MDMD. Epidermal cell suspensions were cultured
with MDMD for 14 d. Pure cultured melanocytes were obtained. They
were further cultured with MDMD (Control, s) or MDMD plus ET-1
(d), -2 (n), -3 (m), or keratinocytes (K, h) from 14 d (arrow). The
number of melanocytes cultured with ET and K exceeded that of
control. The differences at 21 and 28 d are statistically signi®cant (p
< 0.05). There was no difference between ET-1, -2, -3, and K. The
epidermal cell suspensions of the ®ve different groups were derived from
the same litter of mice. The data are the averages of results from
triplicate experiments. Each experiment was performed with different
litters of mice. Bars indicate SEM and are shown only when they were
larger than symbols.
Figure 5. Effects of ET on the proliferation of melanoblasts in
MDMDF. Epidermal cell suspensions were cultured with MDMDF for
14 d. Pure cultured melanoblasts (c. 90%) and melanocytes (c. 10%) were
obtained. They were further cultured with MDMDF (Control, s) or
MDMDF plus ET-1 (d), -2 (n), -3 (m), or keratinocytes (K, h) from
14 d (arrow). The number of melanoblasts and melanocytes cultured with
ET and K exceeded that of control. The differences at 21 and 28 d are
statistically signi®cant (p < 0.05). There was no difference between
ET-1, -2, -3, and K. The epidermal cell suspensions of the ®ve different
groups were derived from the same litter of mice. The data are the
averages of results from triplicate experiments. Each experiment was
performed with different litters of mice. Bars indicate SEM and are
shown only when they were larger than symbols.
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ET supplemented to MDMM from 14 d brought about no
further increase in the number of melanoblasts derived from
primary culture of epidermal cell suspensions in MDM for 14 d,
but induced the differentiation (Fig 3) of melanoblasts into
melanocytes in a concentration-dependent manner. Maximal effect
was observed at a dose of 10 nM. The differences in the percentage
of melanocytes at 21 and 28 d between control and ET were
statistically signi®cant (p < 0.05). The increase was comparable with
that of melanocytes cocultured with secondary keratinocytes
(Fig 3). There was no difference between ET-1, -2, and -3. In
contrast, secondary keratinocytes cocultured from 14 d in MDMM
brought about further increases in the number of melanoblasts and
melanocytes (p < 0.05; 21 d, 1.9-fold increase; 28 d, 2.5-fold
increase).
ET supplemented to MDMD from 14 d brought about a further
increase in the number of melanocytes (Fig 4) in a concentration-
dependent manner. Maximal effect was observed at a dose of
10 nM. The differences in the number of melanocytes at 21 and
28 d between control and ET were statistically signi®cant (p
< 0.05). The increase was comparable with that of melanocytes
cocultured with secondary keratinocytes from 14 d. There was no
difference between ET-1, -2, and -3.
ET supplemented to MDMDF from 14 d brought about a
further increase in the number of melanoblasts and melanocytes
(Fig 5) derived from epidermal cell suspensions of 0.5 3 106 cells
per 35 mm dish in a concentration-dependent manner. Maximal
effect was observed at a concentration of 10 nM. The differences in
the number of melanoblasts and melanocytes between control and
ET at 21 and 28 d were statistically signi®cant (p < 0.05), and the
increase in the number of melanoblasts and melanocytes was
comparable with that of melanoblasts and melanocytes cocultured
with secondary keratinocytes from 14 d (Fig 5). There was no
difference between ET-1, -2, and ±3; however, the percentage of
melanocytes in the melanoblast-melanocyte population did not
differ between all groups (9%±13%).
Effects of anti-ET-1, -2, and -3 antibodies on the
proliferation and differentiation of melanocytes Anti-
ET-1, -2, and -3 antibodies supplemented to MDM failed to
affect the proliferation of melanoblasts in primary culture at all
doses tested.
Anti-ET-1, -2, and -3 antibodies supplemented to MDMM
failed to affect the number of melanoblasts and melanocytes, but
they inhibited the differentiation (Fig 6) of melanocytes in a
concentration-dependent manner. Maximal effect was observed at
a concentration of 250 ng per ml (Fig 6). The differences in the
percentages of melanocytes in the melanoblast-melanocyte popu-
lation at 7 and 14 d between control and experiments were
statistically signi®cant (p < 0.05). There was no difference between
anti-ET-1, -2, and -3 antibodies.
Anti-ET-1, -2, and -3 antibodies supplemented to MDMD
inhibited both proliferation (Fig 7) and differentiation (Fig 8) of
melanocytes in a concentration-dependent manner. Maximal
effects were observed at a dose of 250 ng per ml (Figs 7, 8).
The differences in the number of melanocytes as well as in the
percentage of melanocytes in the melanoblast-melanocyte popula-
tion at 7 and 14 d between control and experiments were
statistically signi®cant (p < 0.05). There was no difference between
anti-ET-1, -2, and -3 antibodies.
Figure 6. Effects of anti-ET-1, -2, and -3 antibodies on the
differentiation of melanocytes in MDMM. Epidermal cell
suspensions were cultured with MDMM plus rIgG (250 ng per ml;
Control, s) or MDMM plus anti-ET-1 (250 ng per ml, d), -2 (250 ng
per ml, n), or -3 (250 ng per ml, m) antibody. The percentage of
melanocytes in the melanoblast-melanocyte population cultured with
anti-ET-1, -2, or -3 antibody was lowered as compared with control.
The differences at 7 and 14 d were statistically signi®cant (p < 0.05).
There was no difference between anti-ET-1, -2, and -3 antibodies. The
epidermal cell suspensions of the four different groups were derived from
the same litter of mice. The data are the averages of results from
triplicate experiments. Each experiment was performed with different
litters of mice. Bars indicate SEM and are shown only when they were
larger than symbols.
Figure 7. Effects of anti-ET-1, -2, and -3 antibodies on the
proliferation of melanocytes in MDMD. Epidermal cell suspensions
were cultured with MDMD plus rIgG (250 ng per ml; Control, s) or
MDMD plus anti-ET-1 (250 ng per ml, d), -2 (250 ng per ml, n), or -
3 (250 ng per ml, m) antibody. The number of melanocytes cultured
with anti-ET-1, -2, or -3 antibody was lowered as compared with
control. The differences at 7 and 14 d were statistically signi®cant (p
< 0.05). There was no difference between anti-ET-1, -2, and -3
antibodies. The epidermal cell suspensions of the four different groups
were derived from the same litter of mice. The data are the averages of
results from triplicate experiments. Each experiment was performed with
different litters of mice. Bars indicate SEM and are shown only when
they were larger than symbols.
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Anti-ET-1, -2, and -3 antibodies supplemented to MDMDF
greatly inhibited the proliferation of melanoblasts in a concentra-
tion-dependent manner (Fig 9). Maximal effect was observed at
250 ng per ml (Figs 1E, F, 9). The differences in the numbers of
melanoblasts and melanocytes at 7 and 14 d between control and
experiments were statistically signi®cant (p < 0.05). In contrast,
antibodies failed to affect the percentage of melanocytes in the
melanoblast-melanocyte population. There was no difference
between anti-ET-1, -2, and -3 antibodies.
These results suggest that ET are one member of the
keratinocyte-derived factors involved in regulating the proliferation
and differentiation of mouse epidermal melanoblasts and melano-
cytes in the presence of cAMP elevator and/or bFGF.
DISCUSSION
ET-1, which was ®rst discovered as an endothelium-derived factor
with vasoconstrictive effects (Yanagisawa et al, 1988), is known to
be an important cytokine involved in regulating the function of
various mammalian cells. ET-1 is synthesized by cells of various
types and acts as a paracrine regulator of various target cells. In the
human skin, ET-1 is shown to be synthesized in keratinocytes
(Imokawa et al, 1992; Yohn et al, 1993) and mitogenic for cultured
epidermal melanocytes in the presence of cAMP elevator (Yada et
al, 1991; Swope et al, 1995). It is also known that each of three
isoforms of ET, ET-1, -2, and -3, is encoded by a gene (Inoue et al,
1989). ET-2 and ET-3 are also known to stimulate the proliferation
of human melanocytes in an increased cAMP level (Yada et al,
1991). Moreover, ET are known to bind to two types of receptors,
ETRA and ETRB. ETRA possesses a greatest af®nity for ET-1,
and ETRB binds ET-1, -2, and -3 equally (Sakurai et al, 1990). In
mice, mutations at the ET-3 locus are known to interfere with
normal generation of melanocytes (Baynash et al, 1994). It is also
known that ET-3 stimulates the proliferation and differentiation of
melanocyte from neural crest explants (Ono et al, 1998); however,
it has not been known whether ET-1, -2, and -3 are involved in
regulating the proliferation and differentiation of mouse epidermal
melanocytes at the neonatal stage. These results suggest that ET are
one member of the keratinocyte-derived factors involved in
regulating the proliferation and differentiation of mouse epidermal
melanoblasts and melanocytes. Other factors are thought to be
involved in regulating the proliferation of melanoblasts and
melanocytes, however, as anti-ET-1, -2, and -3 antibodies failed
to completely inhibit the proliferation of melanoblasts and
melanocytes in primary culture, and secondary keratinocytes
induced the proliferation of melanoblasts in MDM as well as the
proliferation of melanocytes in MDMM after 14 d, despite the
failure of ET in inducing their proliferation. Indeed, a recent study
using transgenic mice that overexpress the steel factor (SLF) in the
basal layer of the epidermis suggests that SLF is involved in
regulating the proliferation of melanocytes in the mouse epidermis
(Kunisada et al, 1998). It is probable that numerous keratinocyte-
derived factors other than ET and SLF are involved in regulating
the proliferation of mouse epidermal melanoblasts and melanocytes.
The reason why ET failed to stimulate the proliferation of
melanoblasts in MDMDF in primary culture, despite the stimula-
tion of melanocyte proliferation by ET in MDMD in primary
culture, seems to be that large amounts of ET were released from
keratinocytes in MDMDF. It is possible that the amounts of ET
released into MDMDF are much greater than those released into
Figure 8. Effects of anti-ET-1, -2, and -3 antibodies on the
differentiation of melanocytes in MDMD. Epidermal cell suspensions
were cultured with MDMD plus rIgG (250 ng per ml; Control, s) or
MDMD plus anti-ET-1 (250 ng per ml, d), -2 (250 ng per ml, n), or -
3 (250 ng per ml, m) antibody for 14 d. The percentage of melanocytes
in the melanoblast-melanocyte population cultured with anti-ET-1, -2,
or -3 antibody was lowered as compared with control. The differences at
7 and 14 d were statistically signi®cant (p < 0.05). There was no
difference between anti-ET-1, -2, and -3 antibodies. The epidermal cell
suspensions of the four different groups were derived from the same
litter of mice. The data are the averages of results from triplicate
experiments. Each experiment was performed with different litters of
mice. Bars indicate SEM and are shown only when they were larger
than symbols.
Figure 9. Effects of anti-ET-1, -2, and -3 antibodies on the
proliferation of melanoblasts in MDMDF. Epidermal cell
suspensions were cultured with MDMDF plus rIgG (250 ng per ml;
Control, s) or MDMDF plus anti-ET-1 (250 ng per ml, d), -2 (250 ng
per ml, n), or -3 (250 ng per ml, m) antibody for 14 d. The number of
melanoblasts and melanocytes cultured with anti-ET-1, -2, or -3
antibody was greatly lowered as compared with control. The differences
at 7 and 14 d were statistically signi®cant (p < 0.05). There was no
difference between anti-ET-1, -2, and -3 antibodies. The epidermal cell
suspensions of the four different groups were derived from the same
litter of mice. The data are the averages of results from triplicate
experiments. Each experiment was performed with different litters of
mice. Bars indicate SEM and are shown only when they were larger
than symbols.
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MDMD. One possibility exists that bFGF greatly stimulates the
release of ET from keratinocytes.
The induction of the differentiation of cultured mouse epidermal
melanocytes by a-MSH has also been reported to require the
presence of keratinocytes (Hirobe, 1992b). The present results
suggest that ET are one member of the keratinocyte-derived factors
involved in regulating the differentiation of cultured mouse
epidermal melanocytes. The mechanism of cooperation of ET-1
and a-MSH can be at least in part explained by recent ®ndings by
Tada et al (1998) that upregulation of the mRNA of a-MSH
receptor (MC1R) of cultured human melanocytes was caused by
brief treatment with ET-1. Anti-ET-1, -2, and -3 antibodies,
however, failed to inhibit completely the differentiation of
melanocytes in primary culture in this study. Thus, unde®ned
keratinocyte-derived factors other than ET might be involved in
regulating the differentiation of melanocytes. Indeed, the recent
study by Kunisada et al (1998) suggests that SLF is involved in
regulating the differentiation of melanocytes in the mouse epider-
mis.
In this study, ET induced the differentiation of melanocytes in
the presence of a-MSH; however, ET failed to induce the
proliferation of melanocytes even in the presence of a-MSH. On
the contrary, ET induced both proliferation and differentiation of
melanocytes in the presence of DBcAMP. These ®ndings can be
explained by assuming that keratinocytes cultured with 0.5 mM
DBcAMP produce different factors from those cultured with
100 nM a-MSH. Melanocyte growth factors derived from
keratinocytes cultured with 0.5 mM DBcAMP might be involved
in regulating the proliferation of melanocytes in cooperation with
cAMP and ET.
These results that ET-1, -2, and -3 are equally involved in
regulating the proliferation and differentiation of mouse epidermal
melanocytes suggest the possibility that neonatal epidermal
melanocytes express ETRB at the newborn stage. Interactions
between ETRB and ET are thought to be mainly involved in
regulating the proliferation and differentiation of melanocytes in
the neonatal epidermis; however, their molecular mechanisms
remain to be investigated in a future study.
The induction of the proliferation and differentiation of mouse
epidermal melanoblasts and melanocytes might require the presence
of cAMP and tyrosine kinase (Coughlin et al, 1988) signaling
pathways, as ET failed to induce the proliferation and differenti-
ation of melanoblasts and melanocytes in the absence of a-MSH,
DBcAMP, and bFGF. The interactions between a-MSH and
MC1R are known to be mediated by the cAMP-protein kinase A
(PKA) signaling pathway. These three factors, cAMP (PKA
pathway), bFGF (tyrosine kinase pathway), and ET [protein kinase
C (PKC) pathway] are thought to form a paracrine network that
regulates the proliferation and differentiation of mouse melanocytes
in the epidermis. ET-1 stimulates 1, 4, 5-inositol-triphosphate
formation and intracellular calcium mobilization in addition to the
activation of PKC and nonreceptor tyrosine kinases of human
epidermal melanocytes (Yada et al, 1991). It is also reported that
ET-1 interacted synergistically with a-MSH and bFGF to stimulate
the proliferation of human epidermal melanocytes in culture
(Swope et al, 1995). Moreover, human epidermal melanocytes in
culture were reported to express ETRB and respond to both ET-1
and -3 with a concentration-dependent increase in the proliferation
and a decrease or increase in melanogenesis (Tada et al, 1998). Brief
treatment of melanocytes with ET-1 caused upregulation of
mRNA of MC1R, but did not alter the mRNA level of ETRB
(Tada et al, 1998). It remains to be investgated in a future study
what molecular mechanisms of the cross talk of the three signaling
pathways are involved in regulating the proliferation and differen-
tiation of neonatal mouse epidermal melanocytes.
CONCLUSION
This study was designed to investigate the role of ET in the
regulation of the proliferation and differentiation of neonatal mouse
epidermal melanoblasts and melanocytes by adding ET to culture
media in the presence or absence of keratinocytes. The results
suggest that ET are one member of the keratinocyte-derived factors
involved in regulating the proliferation and differentiation of
melanoblasts and melanocytes in the presence of cAMP elevator
and/or bFGF.
This work was in part supported by a grant from the Science and Technology
Agency, Japan.
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